of the retinal vasculature would be better understood if more were known about blood flow in these vessels. Because of the unique quality of transparency in the eye, methods depending on direct observation of the retinal vessels seem especially inviting. Already reported by various authors are technics for measuring the changes in caliber of retinal vessels,1 and methods of observing retinal blood flow by cinematography,2 and, in cats, by injecting trypan blue. Although useful, these methods have certain limitations, and additional means of observing retinal blood flow with increased visibility and definition are needed.
T HE PHYSIOPATHOLOGY of the retinal vasculature would be better understood if more were known about blood flow in these vessels. Because of the unique quality of transparency in the eye, methods depending on direct observation of the retinal vessels seem especially inviting. Already reported by various authors are technics for measuring the changes in caliber of retinal vessels,1 and methods of observing retinal blood flow by cinematography,2 and, in cats, by injecting trypan blue. Although useful, these methods have certain limitations, and additional means of observing retinal blood flow with increased visibility and definition are needed.
The purpose of this paper is to describe a method for the study of retinal blood flow in man by the use of intravascular fluorescein and retinal photography, and to report some preliminary observations made with this method.
Materials and Methods The Zeiss fundus camera was used. It was equipped with an electronic flash, the maximum discharge of which allowed one photograph every 12 seconds. Light intensity of the electronic flash was set at position III, and retinal photographs were made of the luminescence of fluorescein as it passed through the retinal vessels. In order to do this, both activating and emitting wave lengths of blood-fluorescein mixtures were determined spectrofluorometrically. The In each patient, a control picture of the fundus was taken prior to injection of fluorescein. Then, in a darkened room, 5 ml. of Fluoreseite* were rapidly injected into an antecubital vein and were followed by 5 ml. of normal saline to deliver a concentrated bolus of dye into the circulation. The first photograph was made when arterial fluorescence appeared, followed by serial photographs at 12-second intervals for approximately 31/2 minutes.
Results
Normal Patients
The time from injection into the antecubital vein until visualization of fluorescence varied from 12 to 30 seconds, when a striking lumi- sized arterioles, and the arrow on the right indi-
cates the rapid passage of the aye from an arteriole to a venule through a small vessel resembling an arterioloivenous shunt.
Activation by ultra-violet light was found to be unnecessary; filtered visible light avoided the potential hazards of ultra-violet exposure, and the natural fluorescence of the dens was no problem. The eventual appearance of fluorescein in the aqueous humor, however, contributed to the loss of definition in later serial photographs.
The background mottling, presumably from the choroidal circulation, which persisted throughout the period of photography, suggested that the rate of fluorescein turnover in the choroid may be slower than that of t1e retina.
*At prevent, owing to the limitations of the electronic flash apparatus, pictures cannot be taken more often than every 12 seonds.
A new incandescent light source and a rapid film-changer may eventually permit exposure to be made in more rapid succession. Also, retinal cinematography2 would seem particularly adaptable to this method.
Further studies with the technics described here are being carried out to determine the rate of change of optical density of veins in the photographic negatives, to determine whether a relationship can be established between dye concentration and image density of the vessel. While such a relationship cannot give an estimate of retinal flow in absolute terms, it could provide a ratio between flow in control and experimental states, or between flow rates in different veins of the same eye. The second a r rowv (middle figure) indicates a region th~at shows only a fewv scattered hemorrhages i.n the )ion fluorescenit p),icturee (top figure) but that (levelops dlefiniite fluoresceence ( Similar findings were seen in hypertensive and diabetic patients, and, in addition, neovascularization was clearly defined, and some cotton-wool patches, but not hemorrhages, were found to fluoresce.
Limitations and applications of the method are discussed.
